Sr isotope ratios in carbonate-rich lacustrine strata provide highly resolved and geographically specific records of past changes in weathering and regional drainage patterns. The Eocene Green River Formation is perhaps the best documented pre-Quaternary lacustrine unit in the world; therefore, these strata are ideally suited for studying the behavior of Sr. 
INTRODUCTION
Lacustrine basins are uniquely positioned to capture the weathering products of continental uplifts and often provide relatively complete records of local geomorphic processes. Because the 87 Sr/ 86 Sr ratio in minerals is not fractionated during precipitation from fluids, Sr isotope compositions preserved in lacustrine carbonate rocks should record the isotopic composition of the lake water and, therefore, the flux-weighted compositional average of runoff and groundwater that entered the lake (e.g., Faure, 1986; Palmer and Edmond, 1992; Capo et al., 1998; Singh et al., 1998; White et al., 1999; English et al., 2000) . In contrast to the globally mixed marine realm, 87 Sr/ 86 Sr ratios preserved in lake deposits can be tied to paleoriver systems that drained specific areas (e.g., Stewart et al., 1993; Benson and Peterman, 1995; Pedone, 2000) . Lacustrine records, therefore, have considerable potential for helping to reconstruct local patterns of continental weathering.
Lake Gosiute occupied the greater Green River Basin of southwestern Wyoming during most of early Eocene time (Fig. 1; Bradley, 1964; Roehler, 1993) . The greater Green River *E-mail: mert@geology.wisc.edu.
Basin is a segment of the Sevier foreland basin, bounded by Laramide-style Precambriancored uplifts to the north, east, and south. This study focuses on changes in the 87 Sr/ 86 Sr ratio that occur within individual lake expansioncontraction cycles in the Laney Member, which may reflect relatively short term climatic fluctuations.
GEOLOGIC SETTING OF EOCENE LAKE GOSIUTE
The Wilkins Peak and overlying Laney Members of the Green River Formation record a transition from a hydrologically closed basin that contained hypersaline lakes and playas to a hydrologically open basin that contained large freshwater lakes (Carroll and Bohacs, 1999) . Climate during the final stages of Wilkins Peak deposition is interpreted to have been subtropical, with a mean annual temperature of ϳ20 ЊC and annual rainfall of 80 cm (Wilf, 2000) . Similar conditions may have existed during deposition of the Laney Member, although paleoclimate data have not been reported for this interval. In the study area, the Laney Member is composed of fluctuating lake marginal and profundal facies of the LaClede Bed, overlain by the volcaniclastic deltaic facies of the Sand Butte Bed. The LaClede Bed contains well-defined cycles of flooding and desiccation (Surdam and Stanley, 1979) . A typical cycle begins with stromatolitic facies that are often associated with dolomicritic intraclasts and oolitic and ostracode grainstones; these are overlain by profundal facies dominated by laminated micrite (oil shales) that finally grade upward into shallow dolomicrite that contains desiccation cracks and occasional displacive evaporite crystals. The Sand Butte Bed of the Laney Member is characterized by coarsening-and-thickeningupward volcaniclastic sandstone beds that were deposited by deltas that prograded from the north-northwest (Surdam and Stanley, 1980) . Drainage to Lake Gosiute during deposition of the Laney Member was likely delivered from several different source terranes. Drainage over the Precambrian-cored Uinta Mountains, Sierra Madre, Granite Mountains, and Wind River Range provided local sources of runoff to the lake. Paleozoic and Mesozoic marine carbonate and siliciclastic strata are widely exposed within the Sevier thrust belt to the west and also flank Precambrian-cored uplifts (Fig. 1) . Surdam and Stanley (1980) interpreted a hydrologic connection to the Wind River Basin, through which Lake Gosiute received drainage from the Tertiary Absaroka volcanics (Fig. 1) .
EVOLUTION OF STRONTIUM ISOTOPE COMPOSITION IN LAKE CYCLES
Several lines of evidence indicate that the 87 Sr/ 86 Sr ratios reported in Table 1 represent either primary or penecontemporaneous lakewater values, rather than later diagenetic fluids. The dominant sample lithology is relatively impermeable mudstone, which appears to have limited the transport of diagenetic fluids. The preservation of a wide range of strontium isotope ratios within individual lake cycles suggests that no pervasive diagenetic alteration occurred. Wolfbauer and Surdam (1974) concluded that dolomite formed penecontemporaneously on the mudflats of Lake Gosiute through evaporative pumping, which explains its abundance near the top of each lake cycle. This model is consistent with the occurrence of primary dolomite in a modern saline lake (Mason and Surdam, 1992) . In this study, thin-section petrography was used to identify fabrics that may indicate diagenetic modification, such as overgrowths or recrystallization. Nearshore stromatolite facies containing ostracodes commonly contain evidence of such fabrics, whereas laminated micrite and dolomicrite usually do not. Samples were visually inspected and microdrilled to avoid possible diagenetic alteration.
The data from the sampled interval demonstrate a close relationship between preserved strontium isotope compositions and lake facies (Table 1; Fig. 2 ). The 87 Sr/ 86 Sr ratios are relatively high in stromatolite and dolomicritic intraclast facies near the base of each cycle, decrease toward mid-cycle in laminated micrite facies, and increase again toward the top within the dolomicrite. High 87 Sr/ 86 Sr ratios near the base of each cycle in part reflect physical reworking of dolomicrite from the previous cycle as intraclasts. Note that the ostracodes and ooids in sample 578 have been recrystallized and may therefore record the strontium isotope composition of diagenetic fluids rather than original lake water.
The range of variation in strontium isotope ratios within each cycle examined increases upward through the sampled interval (Fig. 2) , possibly due to an increase in the stratigraphic completeness of each successive cycle. For example, cycle 1 (Fig. 2) includes dolomicrite intraclasts and mudcracked micrite at its base, but lacks the dolomicrite facies that occurs at the top of an idealized cycle. The range in 87 Sr/ 86 Sr ratios within this incomplete cycle is relatively small. In contrast, cycle 4 represents a complete facies succession and contains a wider range of 87 Sr/ 86 Sr ratios. The lowest 87 Sr/ 86 Sr ratio within each successive cycle records a gradual shift toward less radiogenic strontium in profundal laminated micrite facies (Fig. 2) .
We propose that these variations in 87 Sr/ 86 Sr ratios are due primarily to changes in the relative proportion of water that drained highly radiogenic lithologies immediately adjacent to Lake Gosiute compared to water that drained less-radiogenic rocks north and west of the greater Green River Basin. Figure 3 illustrates a hypothetical three-stage lake-cycle evolution of Lake Gosiute. During time 1 (expansion), the lake was confined to the center of the basin, exposing a large lake plain incised by fluvial channels. Stromatolite, oolite, and intraclast facies were deposited along a transgressive shoreline. Strontium input to the lake was heavily influenced by internal drainage from highly radiogenic Precambrian-cored uplifts, increasing the 87 Sr/ 86 Sr ratio that has been preserved in the lacustrine carbonates. Fluvial incision of alluvial lake-plain mud may also have helped to increase the 87 Sr/ 86 Sr ratio of lake water, through cation exchange with relatively radiogenic clay minerals. Time 2 (highstand) represents maximum expansion of the lake and corresponds to widespread deposition of laminated micrite. The influence of less-radiogenic drainage increased as water spilled over from the Wind River Basin to the north and tapped inlet streams into a larger area of marine carbonates, lowering the 87 Sr/ 86 Sr ratios preserved in profundal deposits (Fig. 1) . Finally, during time 3 (contraction), the relative influence of highly radiogenic internal drainage increased again, and regional streamflow and spillover decreased. Dolomite and evaporite facies in the basin center initially maintained relatively low 87 Sr/ 86 Sr ratios because strontium from the previous highstand was evaporatively concentrated, but Sr isotope compositions gradually shift to more radiogenic compositions.
Climatically induced differential weathering of lithologies exposed within the drainage basin may also have influenced the observed variations in 87 Sr/ 86 Sr ratios. A number of studies have shown that increased weathering tends to decrease the 87 Sr/ 86 Sr ratio in surface waters and increase the 87 Sr/ 86 Sr ratio in residual clays, compared to the unweathered parent rock (e.g., Singer and Navrot, 1973; Brass, 1975; Andersson et al., 1994 ; Bain and Note: Methods for strontium isotopic analysis of lacustrine carbonates are similar to those described by Winter et al. (1995) . Samples were microsampled and leached with ammonium acetate to decrease contamination from clastic components. The carbonate fraction was dissolved in 1M acetic acid, spiked, and dried in 6M hydrochloric acid in preparation for ion-exchange chromatography. Mass analysis was done by thermal-ionization mass spectrometry using a multi-collector dynamic analysis with exponential normalization to 86 Table 1 regarding full documentation of methods and data. Bacon, 1994; Galy et al., 1999; White et al., 1999) . Differential weathering within the drainage basin of Lake Gosiute would therefore drive 87 Sr/ 86 Sr ratios for lake water lower during wetter periods (lacustrine highstands) and higher during drier periods (lacustrine lowstands). Although it is difficult to quantify the magnitude of the change in Sr isotope compositions that occurred owing to differential weathering, the direction of change is expected to be the same as for changes in the drainage-basin area proposed herein.
CONCLUSIONS
This study demonstrates for the first time that significant, systematic variation in the 87 Sr/ 86 Sr ratios occurs within pre-Quaternary lacustrine carbonate facies deposited during expansion-contraction cycles. We have shown that lacustrine strata offer unique records of past continental weathering and that variations in Sr isotope compositions may provide a new approach to reconstructing the paleohydrologic histories of lacustrine systems. Climatic variations are interpreted during the time scale in which individual lacustrine expansioncontraction cycles are deposited due to the direct correlation between lake facies and 87 Sr/ 86 Sr ratios. The slight shift toward lower 87 Sr/ 86 Sr ratios between cycles might reflect larger scale tectonic or magmatic changes; this is a focus of current investigations. Additional future work, including mass-balance modeling of strontium fluxes, as well as analysis of a broader stratigraphic sample set, will help to verify and expand on the interpretations presented in this study. 
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